Abstract: Safflower (Carthamus tinctorius) is an annual oilseed crop of the Compositae or Asteraceae family commercially grown in Ethiopia and other countries. To study the genetic variation and relationships among twelve Safflower genotypes an experiment was carried out under field conditions in randomized complete block design with 3 replications in Wollo University, Dessie campus using the agro-morphological traits that includes plant height, days to flowering, Days to maturity, number of primary branches, number of secondary branches, number of capitula per plant, number of seed per capitulum, thousand seed weight, yield per plant, and yield per plot. Results of the analysis of variance showed significant differences among accessions for traits like days to flowering, days to maturity at p ≤0.01, and for number of primary branches and number of secondary branches at p ≤0.05. Seed yield per plant had significant correlations with number of capitula per plant, number of seeds per capitulum, number of primary and secondary branches. Cluster analysis grouped the 12 genotypes in 2 clusters and one of the accessions remains ungrouped, according to their similarity in various traits studied. The first three principal component analyses were found to explain 85% of the total variation that exists among accessions. The results revealed the presence of a high level of genetic diversity that deserves conservation attention and could be utilized in breeding program to improve Safflower varieties with a high seed yield.
INTRODUCTION
Safflower (Carthamus tinctorius L.) is an annual oilseed crop of the Compositae or Asteraceae family commercially grown in Australia, Ethiopia, India, Mexico, United States, and several other countries (Hashemi et al. 1994) . Many countries grow Safflower around the world including Ethiopia. India and Ethiopia are the countries with the longest tradition of growing Safflower as an oil plant (Weiss 2000) . Vavilov (1951) proposed Ethiopia, Afghanistan and India as centers of origin of cultivated Safflower. Safflower is one of the important underutilized oilseed crops cultivated in a wide range of ecological environments, but it is generally regarded as a crop for semi-arid regions (Johnson & Marter 1993) . It is adaptable to conditions in wide ranging climate zones from 60° N to 45° S it should therefore be suitable for cultivation in regions with a temperate climate (Esendal 2001) . Safflower production under excessive moisture and high humidity conditions is seriously susceptible to diseases (Mündel et al. 2004) . The crop has multipurpose crop of economic importance in a few countries around the world (Knowles & Ashri 1995) , and Ethiopia is one of the major producers of Safflower in the world.
Traditionally, Safflower has been grown for centuries from China to the Mediterranean region and all along the Nile valley up to Ethiopia (Weiss 1971) . Safflower has been used in the Middle East, India and Africa for purgative and alexipharmic (antidote) effects, as well as in a medicated oil, to promote sweating and cure fevers (Weiss 1971) . In different parts of the world carpet-waving industries were used Safflower dies. Carthamin dye was used widely to color cloth until the 19th century, when cheaper aniline dyes became available (Weiss 1983) . Traditionally, the crop was grown f.or its yellow-orange flowers, used for coloring and flavoring foods, and making dyes (Knowles 1989) .
In spite of the large volume of vegetable oils traded around the world, 75% of the production is from only four crops: soybean, oil palm, rapeseed and sunflower (Khan et al. 2008) . These four crops dominated over the other crops (Murphy 1999 ) and many other oil crops are now underutilized or neglected, despite the fact that these species provide opportunities through their great genetic diversity and diverse agro-ecological adaptation (Thies 2000) . Considering the increasing market demand for high polyunsaturated food products in developed countries Safflower is an oilseed crop with great potential. In addition, there are signs of recent growth in the market for Safflower, the price premium for Safflower oil and optimistic prospects have motivated a number of countries to introduce Safflower as an oilseed crop (Johnson & Marter 1993) . Safflower oil is thought to be one of the highest quality vegetable oils, containing oleic acid and linoleic acid (Khan et al. 2008) . As a rainfed crop, Safflower is adapted to some regions and sown by growers when environmental and economic conditions are suitable (Wachsmann et al. 2008) .
Currently, Safflower is regarded as an important oilseed crop, and is grown commercially for its edible oil rich in polyunsaturated fatty acids (Dwivedi et al. 2005 , Singh et al. 2007 . It is usually grown after cereals or fallow in crop rotation and can be adapted in organic production systems (Bavec & Bavec 2007) . Safflower is rich in vitamin A, iron, phosphorus, and calcium. Young raw plants of Safflower are sold in markets in countries such as India and other countries (Nimbkar 2002) . Safflower has become an industrial crop production platform based on low out-crossing and weediness habits, a different appearance from other oilseed crops such as canola and excellent agronomic traits such as taproot architecture that accesses sub-soil water reserves (Markley et al. 2006) . The research and development on different aspects of Safflower, despite its adaptability to varied growing conditions with very high yield potential and diversified uses of different plant parts, have not received due attention. This probably is the main reason for its status as a minor crop around the world in terms of area and production, compared to the other oilseed crops. However, interest in this crop has been rekindled in the last few years due to three major reasons (Singh et al. 2007) : (1) A huge shortfall in oilseed production in countries having a sizable area with scanty rainfall, to which Safflower is most suited; (2) The preference of consumers for healthy oil with less amounts of saturated fats, for which Safflower is well known; (3) The medicinal uses of flowers in China and extraction of edible dyes from flowers have become more widely known.
The success of Safflower as a commercial oil seed crop in traditional areas and its expansion in new areas will mainly depend on the level of improvement made in both its yield and oil content. The low oil content of 28-30 percent and low yield of 600 kg ha -1 makes Safflower a poor competitor. Safflower developed considerable diversity after it was taken into cultivation for a long time across huge and diverse regions in the Old World, and there is evidence of incipient genetic differentiation (Knowles 1989) . Introduction is the simplest way to facilitate crop improvement and has been used successfully to establish many oilseed crops in new areas (Knowles 1983) . Further domestication and development of underutilized crops is a possible solution for the growing and diversified nutritional needs of humankind (Muhammad et al. 2001) . Safflower has received limited research resulting in only small improvements in production, a limited range of cultivars and deficiencies in the awareness of adaptation and agronomic requirements (Wachsmann et al. 2008) . Moreover, limited attention has been given to conserve, add value and improve the productivity of Safflower in Ethiopia (Edwards 1991) .
Ethiopian Safflower is neglected and underutilized so far, it is cultivated only as a minor oil crop with inadequate information available on its genetic resources. In Ethiopia, Safflower cultivation is mostly done by small farmers in well fertile and drained field, usually around homesteads. However, seeds harvested from the plant are used for oil extraction, roasted seed and other traditional uses (seed is extracted into drinks used during fast by people in Wollo region). But industrial applications of Safflower plants remain as low acreage crop compared to other oilseed crops like sesame. This demonstrates a need for research examining the agronomic performances of newly released Safflower genotypes in diverse environments (Öztürk et al. 2008) .
Understanding the extent and distribution of genetic diversity within species help in the future breeding program of Safflower (Padulosi et al. 1999) . The diversity of Safflower in Wollo region could mainly be attributed to different agro ecological conditions. The comparison of various agronomic characters of genotypes under agro climatic condition of Safflower growing areas in Wollo region helps agronomists and the local farmers in the crop improvement.
The main objective of the study was to investigate the genetic diversity among the genotypes of Safflower in Wollo, Ethiopia. The specific objectives were to assess the genetic variation of C. tinctorius genotypes using agro-morphological traits and to identify high yielding, better adapted genotypes of Safflower for future use in improving the crop.
MATERIALS AND METHODS

Description of the study area
Wollo is located in the Amhara Regional State and the experiment was carried out in the field at Wollo University, Dessie (11 8′ N; 39 38′ E; with an annual rainfall of 900-1400 mm). Dessie is located at about 401 km of Addis Ababa to the north. Wollo province comprises diverse agro-climatic condition with different altitudinal ranges. Most of the region is characterized by mountainous, semi-arid environmental condition. The accessions were collected from different major Safflower producing sites representing different landraces in the region.
Plant material
Safflower (Carthamus tinctorius L.) is herbaceous, branched and thistle-like annual plant with strong taproots which help them to survive in dry climates. Safflower is a highly branched, herbaceous, thistle-like annual or winter annual, usually with many long sharp spines on the leaves. Plants are 30-150 cm tall with many spines on the leaves, globular flower heads (capitula) and commonly, brilliant yellow, orange or red flowers ( Fig. 1) . Achenes are smooth, four-sided and generally lack pappus (Le & Mündel 1996) . A total of twelve Safflower accessions collected from different parts of Wollo region were planted in the experimental field at Wollo University, Dessie. For the 12 accessions seven of the seed samples were received from EBI (Ethiopian Biodiversity Institute) and the remaining five were collected by the researcher (Table 1) . The accessions were planted in January 2014 and harvested in the early July 2014 manually at maturity before the beginning of the main rain season. Several agro-morphological characters were recorded during the field experiment. The field experiment was laid out using Randomized Complete Block Design (RCBD) with three replications to plant the 12 accessions systematically and field heterogeneity was controlled. Each accession was represented by a single 1.6 m × 1.6 m plot per replication with 0.5 m gap between plots. The spacing between rows of each plot was 40 cm and spacing between plants was 20 cm. To study the quantitative data five individual plants was tagged within each plot randomly for later morphological variation evaluation. Manual thinning was used after emergence to obtain normal density. Fertilizers were applied at 100 kg N ha -1 and 100 kg P ha -1 prior to sowing and 50 kg N ha -1 after sowing and at shooting stage. The crop was irrigated as needed.
Field experimental procedures
All accessions were provided with the same agronomical practices and weeds were manually controlled.
Data collection
Agro-morphological characters as described below were recorded from five randomly chosen plants per plot. 
Data analysis
The genetic diversity and relationships among Safflower genotypes were evaluated using quantitative data analysis. All traits recorded in the data collection were statistically analyzed by applying SPSS version 20. Morphological traits of each genotype were measured on five randomly chosen plants in each replication for genetic diversity analysis of Safflower accessions from Wollo region. i. Analysis of variance: Analysis of variance of data for agro-morphological characters was performed using SPSS statistical package. The quantitative data for all the parameters were subjected to analysis using SPSS statistical computer package version 20. Range, mean, standard deviation and variance were calculated for each trait. Data taken from five sample plants in each plot (from middle rows) was used in the analyses for traits that required sampling. Total variation was partitioned in to known and unknown effects following the standard procedures of ANOVA given in table 2 (Gomez & Gomez 1984) . ii. Correlation coefficient (r): The associations among various agro-morphological traits were estimated using simple Pearson's product moment correlation coefficients by using SPSS statistical package software of version 20, with appropriate degrees of freedom and probability level, significance of the correlation coefficients was tested.
iii. Cluster Analysis: Cluster analysis was carried out to identify the traits that account for the genetic variation and to determine pattern of genetic similarity of all accessions. The means of each geographical group for all agro-morphological traits were used for cluster analysis to study the relationship between geographical groups. Genetic distance and cluster analysis of agro-morphological data was used to reveal genetic difference within the population of Safflower. The cluster analysis was conducted on average taxonomic distance and a dendrogram was generated based on the genetic distance matrix using SPSS statistical computer package version 20 (Samarajeewa et al. 2004 , Seetharam et al. 2004 .
iv. Principal Component Analysis: To understand which trait is responsible for the variation that existed among the twelve accessions collected from different region of Wollo, all of the traits were grouped in to different principal components. According to Johnson & Wichern (2002) it is possible to decide the importance of traits in different principal components. Traits that accounted for the highest variation within each principal component are also described.
RESULTS
Variance components, mean comparisons, range and standard deviation for plant height, days to flowering, number of primary branches, number of secondary branches, days to maturity, number of capitula per plant, number of seeds per capitulum, thousand seed weight, yield per plant, and yield per plot are presented in table 3.
Analysis of Variance
The analysis of variance showed significant difference among the accessions in days to flowering, days to 50% flowering and days to maturity at P ≤0.001, and number of primary branches and number of secondary branches at P ≤0.05 shown in table 4. Note: df-Degrees of freedom, **-Significant at P ≤0.01, *-Significant at P ≤0.05.
Correlation coefficient
Correlations of yield per plot with other traits shows that yield per plot is significantly correlated, positively with number of capitula per plant (0.87), number of seed per capitula (0.477), plant height (0.772), number of primary branches (0.799), number of secondary branches (0.695) and yield per plant (0.993) and negatively with days to flowering (-0.432). Number of capitula per plant shows significant association with number of primary branches (0.824) and number of secondary branches (0.825). Plant height was positively and significantly (p ≤0.05) correlated with number of secondary branches (0.605) and number of seeds per capitulum (0.308), but correlated negatively and significantly (p ≤0.05) with days to flowering (-0.402 ). This may be due to the environmental condition on the field at the experimental site affecting normal flowering of the plant. There is also positive significant association (0.647) between number of primary branches and number of Secondary branches (Table 5) .
Cluster Analysis
As shown in figure 2, 12 Safflower accessions collected from different regions of Wollo were clustered in two groups based on the similarity they reveal and one of the accessions (212588) from Ambasel remain ungrouped. The first group consisted of 241793 from Bugna, 51526 from Tenta, Argoba and Barkana. The second group was the largest group and consisted of three accessions from North Wollo (241794 from Bugna, 24792 from Meket, 214915 from Wadla), 207477 from Ambasel, Kundi, Kola gerado and Kalu. 
Principal component analysis
Three principal components, PC1 to PC3 accounted for the 85.8 % of the total variation that exist among accessions. Out of the total principal components retained PC1 and PC2 with values of 60.8% and 15.9% respectively contributed more to the total variation. Among the vectors of PC1 which accounted more to the total variation (60.8%), yield per plant and yield per plot, number of primary and secondary branches, number of capitula per plant and plant height had higher values. In the second principal component (PC2), which explain about 15.9% of total variation, originated mainly from days to flowering, number of seeds per capitulum and thousand seed weight. Similarly, among the vectors of PC3, days to flowering, and thousand weight had higher values (Table 6 ).
DISCUSSION
Assessing genetic diversity provides helpful information needed in the Performance of a long-term breeding program for crop improvement strategies through selection and hybridization. The use of agro morphological trait can reveal differences among accessions providing efficient tool for crop management and conservation.
In this study, the results showed a considerable genetic variation for different agro-morphological traits among accessions of Safflower as self-pollinating species maintain high genetic diversity at their polymorphic loci (Hamrick & Godt 1989) . From the analysis of variance, traits like days to flowering, and days to maturity showed significant variation at (p ≤0.01) and for number of primary branches and number of secondary branches at (p ≤0.05) indicating that the accessions collected from Wollo region show considerable genetic variation. Thus, the populations/accessions from the region need to be conserved and managed properly. Significant correlation was recorded between yield per plot and most other traits including yield per plant, number of primary and secondary branches, number of capitula per plant, number of seeds per capitulum, and plant height indicated that the improvements of one trait will lead to yield improvement of Safflower in Wollo region. On the other hand, yield per plot was not significantly correlated with days to maturity and thousand seed weight. Roopa & Ravikumar (2008) also observed a strong positive correlation between seed yield per plant and number of capitula per plant, number of branches per plant. Thus, improvement of the yield will greatly be efficient via number of primary and secondary branches, number of capitula per plant and number of seeds per capitulum based selection. However, 1000-seed weight was not significantly correlated with any of the other traits. The highest correlation coefficient was obtained between yield per plant and yield per plot (0.993) indicating that the average value of traits measured on five single plants, can be used as a plot representative which is in agreement with (Omidi et al. 2009 ).
The cluster analysis of Safflower accessions collected from different regions of Wollo showed that the accessions from different regions are located in the same group indicating the absence of distinct regional grouping. This is possibly due to environmental condition that affects performance of Safflower favoring the accessions collected from regions with same environment of the experimental site. This result is in agreement with the result in Ethiopian tetraploid wheat described by Hailu et al. (2006) . Thus, accessions could be more effectively clustered when considering traits related to grain yield rather than with geographical origin. Similarly, Omidi et al. (1999) in study of 100 Safflower cultivars also concluded that grouping based on traits related to seed yield per plant is more effective than based on their origin.
As described by Chahal & Gosal (2002) characters with largest absolute value closer to unity within the first principal component influence the clustering more than those with lower absolute value closer to zero. In this study result from the principal component analysis indicate the presence of variation among different accessions of Safflower in Wollo region identifying that from PC1 which accounted 60.8% of the total variation yield per plant is the most important trait responsible for highest variation from the component. Thousand seed weight and days to flowering are also important traits that accounted the highest variation from PC2 and PC3 respectively. Thousand seed weight were very important trait responsible for highest variation from all of the three principal components.
In order to achieve effective improvement for seed yield increased number of primary and secondary branches, number of capitula, and number of seeds per capitulum are very important. According to Knowles (1969) the flower colour of cultivated Safflower of Ethiopian origin as red, however, in this study the researcher found that the Safflower accessions collected from different regions showed yellow and orange in addition to red colour (Fig. 1) which vary among and within accessions but white flower colour was not observed in any of the accessions. This shows that in Ethiopia there is a high level of genetic diversity of Safflower that still require more study for better breeding performance and germplasm conservation.
CONCLUSION AND RECOMMENDATIONS
The results shown in this study indicates the presence of high genetic variation among twelve accessions collected from Wollo, Ethiopia which is useful for breeding and conservation purposes. Depending upon the results of the data analyzed, appropriate breeding strategies can be adopted for the improvement of target trait. Future breeding strategies to improve Safflower need to exploit the results of this study to increase seed yield potential and other desirable traits.
A lack of information about genetic diversity has been a barrier to improve Safflower in Ethiopia, particularly in Wollo region. The results of this study provided a better understanding of Safflower populations in Wollo region. Therefore, the wise use of results obtained in this study would facilitate the improvement of Safflower through breeding and the in situ and ex situ conservation of Safflower genetic resources in this region. Desirable genotypes in terms of seed yield have been identified in this study and the use of these genotypes in the breeding program would lead to improved Safflower varieties with a high seed yield.
In Ethiopia, Safflower is grown in the field with low agricultural inputs, which resulted in more pests, diseases, and a low seed yield in this crop. Seed yield in Safflower is influenced by different factors such as planting dates, weather patterns, relative humidity, irrigation, fertilizers, and farmers' practices. Cultivation of Safflower under good growing conditions would result in a relatively high seed yield. Therefore, development of high yielding and better adapted genotypes including the cultivation technique need to be improved.
The use of agro morphological traits for assessment of Safflower genetic diversity would help to reveal variation among accession from different regions. Several varieties from agro-morphological evaluation were found to have high seed yield potential, and the use of these varieties would lead to an increased Safflower production in Ethiopia.
